The number of HIV-infected individuals from developed countries travelling to tropical and subtropical areas has increased as a result of the clinical and survival benefits of combination antiretroviral therapy. The aim of our study was to describe the traveler population in the SHCS and to determine the frequency of viral rebound in virologically suppressed individuals after a travel episode to the tropics compared to non-travelers.
Introduction
The number of HIV-infected individuals from developed countries travelling to tropical and subtropical areas has increased [1] [2] [3] [4] as a result of the clinical and survival benefits of combination antiretroviral therapy (cART). The introduction of cART has shifted the motive of many travellers from taking a "last chance to travel" [5] towards tourism and visiting friends and relatives (VFR) [1] . The rate of international travellers among the HIV-infected population ranges between 20% and 46% in different studies [5] [6] [7] , with some reports stating that HIV-infected individuals may be travelling more frequently and taking longer journeys than the general population [8] .
The sustained effectiveness of cART depends on longterm, regular, and time-specific dosing schedules ensuring drug concentrations always well above the inhibitory concentration of the virus [9] . Consequently, adherence to cART is of paramount importance and is a strong predictor of virological failure [10] [11] [12] . Some studies have associated travelling or being away from home with nonadherence [6, [13] [14] [15] [16] [17] . A wish for a "drug holiday" in those not travelling for VFR, and nondisclosure and fear of stigma in those travelling for VFR have been implicated as causes of nonadherence [15] [16] [17] . Other factors that negatively impact adherence to cART are sudden familial events or unstable politics leading to unexpected lengthening of stay, impaired intake because of gastroenteritis, and travel bans for HIV-positive persons. However, a Danish cross-sectional retrospective study over 2 years did not show any change in adherence in HIV-infected travellers [8] , although this study may have suffered from recall and selection bias. In a study by Glass et al., [10] drug holidays were reported in 3.5% of cohort visits in the Swiss HIV Cohort Study (SHCS) -the potential association with travel, however, was not looked at.
In addition to reports of an association of lower adherence with travel, associations of an increase in viral load (VL) or a decrease in CD4 counts with travel have been reported in only a few studies [13, 14, 17] .
This study had two aims: (1) to describe the characteristics of the population in the SHCS travelling to the tropics, using a descriptive analysis at the patient level, and (2) to determine the frequency and risk factors of viral rebound following a travel episode vs. a nontravel episode if the VL at the beginning of the episode was suppressed, using a regression analysis at the episode level.
Within the traveller population, we focused on frequent travellers and those originating from tropical regions, such as sub-Saharan Africa (SSA), Southeast Asia (SEA; this also includes the entire Indian subcontinent and China), and Latin America and the Caribbean (LAC).
Methods
The study was based on prospectively collected data from individuals who were enrolled in the SHCS and followed through 6-monthly visits at one of the seven participating out-patient clinics (Basel, Berne, Geneva, Lausanne, Lugano, St Gallen and Zurich) or associated clinics and private practices (www.shcs.ch).
At every visit, patients are asked verbally whether they have travelled to the tropics in the past 6 months. The tropics are not defined geographically in the SHCS database. However, the term is often used colloquially as a generic word for subtropical and tropical regions. There is no additional information on the number of travel episodes since the last cohort visit nor on travel destination.
Definitions
Traveller: a patient with at least one travel episode to the tropics during the whole follow-up period in the cohort.
Frequent traveller: an individual in the top quarter of participants in terms of number of travel episodes.
Visiting friends and relatives (VFR): origin of the traveller in SSA, SEA or LAC was taken as a proxy for VFR.
An episode under study was defined as a unit bounded by a visit with suppressed viraemia (termed the 'pre-visit') and a subsequent visit (termed the 'post-visit'). Episodes during which travel occurred were defined as travel episodes, and episodes without travel were defined as nontravel episodes. Nontravel episodes were contributed by travelers and nontravellers.
Virological suppression: a VL of ≤ 200 HIV-1 RNA copies/mL for the main analysis and ≤ 50 copies/mL for the sensitivity analysis, while the patient was on cART.
Virological rebound: a VL > 200 copies/mL [18, 19] for the main analysis and > 50 copies/mL for the sensitivity analysis in a previously suppressed individual.
Virological failure: viral rebound with subsequent treatment change in the SHCS reported as being attributable to virological failure.
Combination antiretroviral treatment (cART): a combination of at least three antiretroviral compounds.
Robust ART: any cART including at least one nonnucleoside reverse transcriptase inhibitor (NNRTI), ritonavir-boosted protease inhibitor (PI/r) or integrase strand transfer inhibitor (INSTI), or maraviroc (MVC).
Nonadherence: history of any follow-up visit at which adherence to cART was suboptimal, that is, missing more than one dose of cART in the preceding month.
Descriptive analysis
The descriptive analysis described the traveller and nontraveller populations in the SHCS. Eligible individuals were all SHCS participants with at least one follow-up visit from 1 January 1989 to 28 February 2015. Basic demographic characteristics including region of origin and HIV-specific data were used to describe the population. Patients were assigned to one of four categories according to region of origin: patients in the reference group (Eur-NAm) had a nontropical origin in Europe, North America, North Africa, the Middle East, Central Asia, Australia or New Zealand, and the other three groups consisted of patients from SSA, SEA and LAC, respectively. In univariable analyses, the v 2 test was used for categorical data and the Wilcoxon rank-sum test for continuous data to compare the travelling and nontravelling populations. The statistical package used was STATA Version 13 (StataCorp LLC, College Station, TX, USA).
Primary outcome analysis
The main outcome of the study was the rate of viral rebound in a travel episode vs. a nontravel episode as well as risk factors thereof. Episodes (with travellers contributing to travel and nontravel episodes and nontravelers contributing only to nontravel episodes) were included if they met the following two criteria.
(1) The patient was on cART with suppressed viraemia at the previsit. Viraemia was considered to be suppressed if (a) VL was detectable and < 200 copies/mL (or 50 copies/mL in the sensitivity analysis) or (b) VL was undetectable and the detection limit was ≤ 200 copies/mL (or ≤ 50 copies/ mL in the sensitivity analysis). (2) There was a VL determination at the post-visit. Patients with unrecorded region of origin or who were on dual or mono ART or enrolled in a structured treatment interruption study were excluded. Any patient with suppressed viraemia in the cohort could have travel and nontravel follow-up episodes and could thus contribute multiple episodes to the regression analysis. Logistic regression was fitted to indicators of viral rebound (RNA > 200 or > 50 copies/mL, respectively) at the end of a follow-up episode, resulting in binary outcomes. Regression models included constant covariables (sex, region of origin, mode of HIV transmission and indicators of nonadherence), time-updated covariables evaluated either at the beginning of the follow-up episodes [calendar date (per 1-year increment), age, base 2 logarithm of CD4 count, use of robust cART, current injecting drug use (IDU), and history of cART change after treatment failure] or at the end of a follow-up episode (travel indicator), and interaction terms between the region of origin and travel. In all regression models, we accounted for the within-patient correlation of outcomes using generalized estimating equations; standard errors were obtained from sandwich estimators.
We analysed treatment change and the emergence of resistance in travellers who fulfilled either or both of the following criteria: (1) persistent VL > 200 copies/mL at the second post-travel visit ("post-travel visit 2") or (2) treatment switch between the pre-travel visit and the immediate post-travel visit ("post-travel visit 1") or between post-travel visit 1 and post-travel visit 2. For these patients, the resistance database was searched for any resistance test and emergence of new resistance mutations between the pre-travel visit and post-travel visit 1 and between post-travel visit 1 and post-travel visit 2.
We considered a P-value of < 0.05 as significant. This part of the statistical analysis was performed in R (version 3.2; R Foundation for Statistical Computing, Vienna, Austria).
Results

Descriptive analysis
We analysed data for 16 635 patients in the SHCS with at least one follow-up visit from 1 January1989 to 28 February 2015. There were 6084 (36.5%) patients who had ever travelled to the tropics, with a total of 21 118 travel episodes. The percentage of participants travelling per regional category varied substantially from 31.2% for those in the Eur-NAm category to 80.7% for those in the SEA category. 
Primary outcome
In total, our analysis included 127 149 follow-up episodes, 12 265 (9.6%) of which were travel episodes. Viral rebound was seen in 477 (3.9%) of these 12 265 travel episodes, and in 5121 (4.5%) of the remaining 114 884 nontravel episodes. The unadjusted odds ratio (OR) for viral rebound in a travel vs. nontravel episode was 0.87 [95% confidence interval (CI) 0.78-0.97]. At the patient level, this translated into a total of 10 945 patients who contributed at least one episode with pre-visit suppressed viraemia to this analysis. Of these, 3858 (35.2%) patients contributed at least one travel episode, and 405 (10.5%) of them experienced at least one post-travel viral rebound. There was no clustering of patients with frequent rebounds in the traveller or nontraveller patient group: no viral rebound was recorded in 67% of travellers and 66% of nontravellers, one viral rebound was recorded in 20% of travellers and 22% of nontravellers, two rebounds were recorded in 8% of travellers and 7% of nontravellers, and at least three viral rebounds were recorded in 4% of each group. In a subanalysis restricted to nontravel episodes (depicting everyday conditions), the OR for viral rebound in travellers vs. nontravellers was 0.82 (95% CI 0.76-0.88).
The multivariable logistic regression analysis predicting the binary outcome of viral rebound > 200 copies/mL showed the following significant protective factors (Table 2 ; Fig. 2 ): later years within the SHCS, older age, being of SEA origin, higher CD4 count and use of robust cART. Factors associated with a higher rate of viral rebound were being female, a history of virological failure, reported nonadherence, current IDU use and being of SSA origin. Travel was a significant additional risk factor only in patients of SSA origin (OR 1.30; 95% CI 1.02-1.65; P = 0.033); the effect of travel was insignificant in patients from other regions (Fig. 2a) .
In an equivalent model comparing patients of EurNAm origin with those from other regions within travel and nontravel episodes (Fig. 2b) , SSA origin was a risk factor for viral rebound in nontravel episodes (OR 1.41; 95% CI 1.22-1.62; P < 0.001) and even more so in travel episodes (OR 2.00; 95% CI 1.53-2.61; P < 0.001). SEA origin was significantly protective in nontravel episodes, with an OR of 0.67 (95% CI 0.51-0.88; P = 0.004), with no significant effect in travel episodes.
We conducted a further comparison between all VFR travelers in one group (all regions combined, however SSA being the dominant patient group contributing 57% of all VFR travelers) versus nontravelers. Travel was not an additional risk factor for viral rebound compared with nontravel episodes. However, being in the VFR group was a significant risk factor for viral rebound compared with being of Eur-NAm origin in both travel and nontravel episodes, with ORs of 1.20 (95% CI 1.07-1.36; P = 0.002) and 1.41 (95% CI 1.12-1.78; P = 0.004), respectively. In a further subgroup analysis, being a frequent traveller was not a risk factor for viral rebound compared with the nontraveller and non-frequent-traveller populations.
Among the 477 travel episodes with viral rebound, in 247 the patient either had persistent viral rebound at post-travel visit 2 or had changed treatment. Treatment change occurred in 89 of these 247 episodes (36%).
In the above selected 247 travel episodes, with all regional categories combined, the following results were obtained for the analysis of resistance emergence: between the pre-travel visit and post-travel visit 1, a total of 56 resistance tests were performed and 21 (37%) of these tests showed the emergence of at least one new resistance mutation. Between post-travel visit 1 and posttravel visit 2, another 59 resistance tests were performed, 30 (51%) of which demonstrated the emergence of a new resistance mutation.
Sensitivity analyses
Sensitivity analyses were performed on 116 054 episodes (with a pre-visit VL of ≤ 50 copies/mL), of which 11 363 (9.8%) were travel episodes. Viral rebound to > 50 copies/mL was reported in 810 (7.1%) travel episodes and in 7913 (7.6%) nontravel episodes (OR 0.94; 95% CI 0.86-1.02).
At the patient level, this amounted to 10 659 persons contributing to the sensitivity analyses. Of these, 3699 (34.7%) contributed at least one travel episode, and 661 (17.9%) of these had at least one post-travel rebound.
In the multivariable logistic regression analysis predicting the binary outcome of viral rebound > 50 copies/mL, being on robust cART, higher CD4 count and female sex lost their significant effects, while homosexual transmission was significantly protective (OR 0.92; 95% CI 0.84-1.00). The effects of other protective or detrimental factors, including the region of origin, remained unchanged.
Discussion
The proportion of SHCS participants travelling to the tropics has increased substantially since the late 1990s, with patients originating from tropical countries contributing over-proportionately to these figures. This trend is a reflection of the general success of cART, although travellers are still characterized by significantly better HIV-related parameters than nontravellers.
Our primary outcome showed that around 10% of travellers with a pre-travel VL < 200 copies/mL and 18% of those with a pre-travel VL < 50 copies/mL experienced viral rebound above these respective thresholds after a travel episode. Viral rebound was not more common in travel episodes than in nontravel episodes. The travelling population even showed a lower risk for viral rebound when not travelling than the nontravelling patients, indicating that the traveling population was in better health overall than the nontraveling population.
However, evident risk factors for viral rebound after travel were being of SSA origin, current IDU, being younger, having a lower CD4 count, a history of ART failure, using nonrobust cART, and demonstrating poor overall adherence. Table 2 . Eur-NAm, Europe, North America, North Africa, the Middle East, Central Asia, Australia or New Zealand; SSA, sub-Saharan Africa; SEA, Southeast Asia; LAC, Latin America and the Caribbean.
The increasing trend for patients of non-Eur-NAm origin within the SHCS to travel is a reflection of the growing number of migrant populations in Switzerland, as is observed world-wide. Typically, migrant populations travel back to the tropics for VFR [20] [21] [22] [23] and rarely as tourists. Given the database limitations, we could not ascertain destination of travel within our study. In spite of being a minority within the general population, travellers for VFR comprised the majority of travellers in the USA as well as in Europe [24] [25] [26] . Our findings show that the travelling population had higher nadir CD4 counts and less advanced CDC stages, hence showing the "healthy traveller effect", as was previously seen in the cohort in the pre-cART era [27] . Despite the benefits of cART for all patients, travelling evidently still appears to be an activity enjoyed by those who can afford to take greater risks.
Post-travel viral rebound (> 200 copies/mL) was documented in 477 (3.9%) travel episodes in 405 (10.5%) pretravel virologically suppressed travellers. In a French study in sub-Saharan African immigrants, viral rebound to > 50 copies/mL was detected at the post-travel visit in 23 (11.5%) of 200 patients who were virologically suppressed at the pre-travel visit. These patients reported a "during trip" nonadherence rate of 11.5% [13] . A small cohort study of HIV-infected Hajj pilgrims from Nigeria on ART showed that a high proportion of patients reported nonadherence: 16 of 31 (55%), with ART failure occurring in 15 of 31 (48.4%) of these patients [14] . We used a very conservative definition for nonadherence as a covariable, by classifying patients as "nonadherent" if they ever indicated having missed more than one dose in a month. In this study, indication of nonadherence increased the odds of having viral rebound > 200 copies/mL by 37%. However, as adherence is only assessed for the 4 weeks immediately preceding the respective follow-up visit, nonadherence during travel could not be fully reflected.
Both the main and the sensitivity analyses revealed that being of SSA origin was linked to a higher risk for viral rebound in travel and nontravel episodes. Patients from SEA had the most stable viral control in travel and nontravel episodes compared with all other regions. When all VFR travellers were analysed together, being a VFR traveller compared with being in the Eur-NAm comparator group was a significant risk factor for viral rebound in travel and particularly in nontravel episodes. This result was, however, driven by the fact that 57% of VFR travellers in this study were of SSA origin. VFR travellers were thus not a uniform group, but the group effect was dominated by the influence of patients from SSA. Possibly, reasons for this difference within the VFR traveller group between SSA patients on the one hand and SEA and LAC patients on the other hand may be that stigma and denial are still most frequently experienced by SSA patients. Previous studies have underlined self-perceived family support and/or the family's and the household's knowledge of the patient's HIV status as being the most relevant factors for adherence in VFR travellers [13, 28] . Despite the growing proportion of VFR travellers world-wide [29] , their uptake of pre-travel advice is low [5, 6, 30] . Taking together the higher risk of viral rebound, as seen in SSA patients in our study, and the data on the risky sexual behaviour of travellers [6, [31] [32] [33] , this may have an impact on HIV transmission in the visited country.
Other factors that should not be ignored regarding ART adherence in travellers are an insufficient supply of medication, lack of availability of the same drugs in the area of destination, unexpected familial events and unstable politics leading to an unexpected prolongation of stay, gastrointestinal upset caused by traveller's diarrhoea and travel bans for HIV-positive persons [34] .
The lack of any negative effect of travel per se on viral rebound was a positive and unexpected finding. The finding of virological failure mainly in SSA participants, however, is in line with the findings of previous studies within the SHCS. In these studies, we showed an increasing proportion of SSA participants within the SHCS, and, while initial cART uptake and viral response were similar to those in European patients [35] , on longer term analysis SSA participants showed a higher rate of viral rebound on cART [36] . Possibly the more fragile status of most SSA patients in Swiss society, relative to patients from LAC or SEA, may help to explain their inferior viral control, both in nontravel and in travel episodes. While patients from SEA and LAC mainly migrated to Switzerland because of marriage, SSA patients mainly migrated to Switzerland as asylum seekers.
Our analysis thus adds another facet to understanding cART uptake in patients from SSA; in this population, travel appears to accentuate pre-existing weaknesses in viral control.
Development of resistance to ART has been described after travel in other studies [17, 37] . In this study, we appreciate that an important percentage (37-51%) of all participants with a resistance test performed after a travel episode demonstrated the emergence of new resistance mutations. So, while travelling might have broadened horizons, it also narrowed future ART options.
The strengths of our study lie in the large sample size, the comprehensive set of data with a long follow-up period for the study population, and the comparison of HIV-infected travellers vs. nontravellers at the RNA level, which is a more objective measure than self-reported adherence. The limitations of our study were: (1) the travel question in the SHCS questionnaire does not enquire about the frequency of travel in the preceding 6 months, the length of stay during travel or the travel destination; (2) the information on adherence was not specific to the travel period itself; and (3) because of the variable time lag between the travel episode and the post-travel RNA determination, rebounds could have been missed as the VL might have normalized again after the return of the traveller and re-uptake of cART.
In conclusion, travelling is increasingly popular among HIV-infected individuals, and is mainly done by HIV-positive patients with preserved immunity. SSA HIV-positive travellers were at highest risk of viral rebound even in nontravel episodes, but especially in travel episodes. Treatment change and emergence of resistance after post-travel viral rebound occurred in a substantial percentage of patients. Thus, advice about travel should be an integral part of pre-ART and on-ART adherence counselling in this particular at-risk population. Travelling in general, however, is not per se a risk factor for loss of viral control.
